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sion are provided. In one embodiment, a base station
includes a memory, a processor and a transmitter. The
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sub frames to a UE. The information includes transmission
mode configuration information. The processor operates to
configure the transmitter according to a selected transmis-
sion mode configuration that includes one of a transmit
diversity mode and a MIMO mode, and configures the
transmitter to transmit discontinuously and include CRS in
only a subset of sub frames.
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1
ROBUST TRANSMISSION ON DOWNLINK
DISCONTINUOUS TRANSMISSION
CARRIER

FIELD

The present application relates generally to radio trans-
missions in a wireless communication system, and more
particularly to control signaling on a downlink discontinu-
ous transmission carrier.

BACKGROUND

Long term evolution (LTE) wireless communication sys-
tems use orthogonal frequency division multiplexing
(OFDM) in the downlink (base station to user equipment)
and discrete Fourier transform (DFT)-spread OFDM in the
uplink (user equipment to base station). The basic LTE
downlink physical resource can thus be seen as a time-
frequency grid 2 as illustrated in FIG. 1, where each resource
element (RE) 6 corresponds to one OFDM subcarrier 4
during one OFDM symbol interval. In the time domain, LTE
downlink transmissions are organized into radio frames 10
of 10 ms, each radio frame consisting of ten equally-sized
sub frames 8 of length Tsubframe=1 ms, as shown in FIG.
2.

Furthermore, the resource allocation in LTE is typically
described in terms of resource blocks (RB), where a resource
block corresponds to one slot (0.5 ms) in the time domain
and 12 contiguous subcarriers in the frequency domain. A
pair of two adjacent resource blocks in time direction (1.0
ms) is known as a resource block pair. Resource blocks are
numbered in the frequency domain, starting with O from one
end of the system bandwidth.

Downlink transmissions are dynamically scheduled, i.e.,
in each sub frame the base station transmits control infor-
mation indicating to which terminals data is transmitted and
upon which resource blocks the data is transmitted in the
current downlink sub frame. This control signaling is per-
formed via physical channels such as the physical control
channel (PDCCH), physical control format indicator chan-
nel (PCFICH), and physical hybrid automated request indi-
cator channel (PHICH). The control signaling that indicates
the target terminal(s) and the resource blocks is typically
transmitted in the first 1, 2, 3 or 4 OFDM symbols in each
sub frame, across the system bandwidth. The number n=1,
2, 3 or 4 in which the control signaling is transmitted is
known as the Control Format Indicator (CFI) transmitted in
the PCFICH.

In LTE Release.11 of the 3/ generation partnership proj-
ect (3GPP) standard, an enhanced PDCCH (EPDCCH) was
introduced which does not map a control message across the
system bandwidth but instead in a limited (N=2, 4, 8)
number of physical resource block (PRB) pairs known as the
EPDCCH set. The location of these PRB pairs in the set is
configured to the UE using radio resource control (RRC)
signaling. A Rel.11 user equipment (UE) can be configured
with one or two EPDCCH sets for its control signaling. The
EPDCCH spans the whole sub frame. However the starting
OFDM symbol for EPDCCH has to be s=n+1 where n is the
control format indicator (CFI), to avoid collision between
the PDCCH/PCFICH/PHICH and the EPDCCH. The value
of s can either be obtained from detecting CFI (i.e. n) or it
can be configured to a fixed value by radio resource control
(RRC) signaling. The EPDCCH cannot (in Rel.11) be used
to transmit broadcast control messages. Only UE specific
scheduling control messages can be transmitted. This is

10

15

20

25

30

35

40

45

50

55

60

65

2

because only the UE specific search space (USS) is moni-
tored on EPDCCH. Hence, the PDCCH is used for broadcast
control messages (common search space) irrespectively of
whether EPDCCH is configured to a Rel.11 UE or not. A
pre-Rel.11 UE uses the PDCCH for both common and UE
specific search space monitoring.

The downlink sub frame also contains a number of
different reference symbols, which are known to the receiver
and used for coherent demodulation of, for example, the
control information. The PDCCH uses common reference
symbols (CRS) for demodulation and these can, in Rel.11,
have 1, 2 or 4 antenna ports. These common reference
symbols span the whole system bandwidth, i.e. they are
present in all PRB pairs, and are present in all sub frames
even if no PDCCH is transmitted. The EPDCCH uses UE
specific demodulation reference symbols (DMRS) for
demodulation. These reference symbols are only present in
the PRB pairs of the EPDCCH set if there is an EPDCCH
transmission in the set in the specific sub frame. In case there
is no EPDCCH transmission, the UE specific reference
symbols (RS) are not transmitted.

For the physical downlink shared channel (PDSCH), there
are ten transmission modes (ITM) defined in LTE, as shown
in Table 1 below. Each TM has two transmission schemes,
where the second scheme is a “fallback scheme” that gen-
erally has only a single layer transmission. Some of the
transmission modes use CRS-based transmit diversity for
robustness, i.e., CRS is used as a demodulation reference.
Scheme 2 is used when scheduling using downlink control
information (DCI) format 1A which can be used in all TMs.
Thus, scheme 2 is the transmission scheme that can be used
during RRC reconfiguration of the TM for a UE. Some TMs
use the CRS for PDSCH demodulation and others use the
UE specific RS, also known as DMRS, as for example
TM10. In a multi-broadcast single frequency network (MB-
SFN), sub frames only have CRS in the first OFDM symbol.
In non-MBSFN sub frames, CRS is always used for scheme
2. However, TM9 and TM10 use UE specific RS whenever
the sub frame is a MBSFN sub frame.

TABLE 1

Available transmission modes for a REL.11 terminal

RS/RE
RS used for RS used for used for
Transmission demodulation  demodulation  channel
mode Feature of scheme 1 of scheme 2 feedback
1 Single Common RS Common RS Common
antenna RS
2 Transmit Common RS Common RS Common
diversity RS
3 Open loop Common RS Common RS Common
MIMO, max RS
4 layers
4 Closed loop Common RS Common RS Common
MIMO, max RS
4 layers
5 MU-MIMO, Common RS Common RS Common
max 1 layer, RS
max 2 UEs
6 Closed loop Common RS Common RS Common
MIMO, max RS
1 layer
7 TDD UE specific Common RS Common
MIMO, max RS RS
1 layer
8 TDD UE specific Common RS Common
MIMO, max RS RS
2 layers
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TABLE 1-continued

Available transmission modes for a REIL.11 terminal

RS/RE
RS used for RS used for used for
Transmission demodulation  demodulation  channel
mode Feature of scheme 1 of scheme 2 feedback
9 Closed loop UE specific Common RS CSI-RS
MIMO, max RS or UE
8 layers specific RS
10 Closed loop UE specific Common RS CSI-RS +
MIMO + RS or UE IMR
CoMP, max specific RS
8 layers

Also, RSs used for channel state information (CSI) feed-
back differ among the transmission modes. TM9 and TM10
utilize special channel state information RS (CSI-RS),
which is more sparse than the CRS and cannot be used for
demodulation. Instead, CSI-RS is used primarily for mea-
suring channel state information. In TM10, the interference
measurement resource (IMR) is introduced, which is a set of
resource elements (REs) in which the UE is mandated to
measure the interference used in computing the channel state
information (CSI) report. For TM1-TMO9, the interference
measurement is unspecified, but most UE implementations
use residual interference on the common reference signal
(CRS) to create the interference covariance estimate.

The demodulation reference signal (DMRS) is only pres-
ent in the PRB pairs containing PDSCH, while CRS is
always present in all PRB pairs and all sub frames. A PRB
pair 14 in a downlink system with CFI=3 OFDM symbols as
PDCCH/PCFICH/PHICH control is illustrated in FIG. 3.
FIG. 3 also shows the CRS 12.

UEs configured in TM10 and configured with EPDCCH
use DMRS for demodulation of both PDSCH and EPDCCH
but use the CRS for demodulating the PDCCH/PCFICH and
PHICH. Furthermore, the use of PHICH is not strictly
necessary, since HARQ indication for the uplink can be
transmitted using the EPDCCH instead. Also, the PCFICH,
which indicates the length of the region containing PDCCH,
is unused in case the EPDCCH and PDSCH start position is
configured by RRC. So the PHICH and PCFICH can actu-
ally be unused and are not needed to be received at all for
terminals configured in TM10 (Rel.11 capability is required
to support TM10). Thus, there is no reason in this case to
transmit the PHICH and PCFICH.

Hence, only PDCCH is necessary to be transmitted to
convey broadcast information. However, in case of carrier
aggregation, only the primary cell (Pcell) is transmitting
broadcast information, hence the PDCCH need not be pres-
ent on the secondary cell (Scell). So in the case of an Scell,
there is no PDCCH/PCFICH/PHICH needed. Thus, CRS are
not used at all for demodulation purposes for the secondary
cells.

There are also other means for providing broadcast infor-
mation in the control plane (C-plane) to the UE under
discussion by the 3 GPP standards body, such as dual
connectivity. Hence, in some cases being considered by the
3GPP, there is no need for CRS for demodulation purposes.
In these scenarios, where UEs get C-plane information from
other sources, with only TM10 configured UEs on a carrier,
the CRS is present in all sub frames and creates overhead
since these REs used for CRS cannot be used for PDSCH or
EPDCCH. Furthermore, the CRS creates unnecessary inter-
ference in a PBR pair even if the PRB pair is unused, i.e., not
scheduled on the PDSCH.
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A new carrier type, has been proposed that contains either
no CRS at all or much less CRS either in frequency (by, for
example, a reduction of the bandwidth the CRS covers to be
smaller than the carrier bandwidth) or in time (by, for
example, not transmitting any CRS in some pre-defined sub
frames) or in both frequency and time, as compared to a
legacy carrier. In the proposed new carrier type, CRS is
transmitted in sub frame 0 and sub frame 5 for frequency and
time synchronization tracking and radio resource manage-
ment (RRM) measurements, but is not used for channel
estimation or demodulation.

As shown in Table 1, a UE configured in TM9 or TM10
uses CSI-RS for channel state information feedback and UE
specific RS for demodulation in case of scheme 1. For the
“fallback™ scheme 2, CRS is used for demodulation unless
the sub frame is an MBSFN sub frame, in which case a
single UE specific RS is used (port 7). Even though these
two TMs are based on UE specific RS for demodulation,
they utilize CRS for their channel analyzer estimates, at least
for Doppler frequency and Doppler shift estimation.

A modified TM10, known as enhanced TM10 (eTM10) or
TM11, has also been proposed. UEs configured in this new
TM and receiving PDSCH can be dynamically configured
(by an EPDCCH or PDCCH message) in a given sub frame
to start the PDSCH at OFDM symbol 0 and/or to assume that
no CRS are present in the sub frame. Hence, the overhead
from CRS is removed. The CRS is overhead since it is not
used by the UE either for feedback or demodulation. This
leads to better spectral efficiency and higher UE throughput.
Alternatively, when PDCCH and CRS are present, their
presence can be indicated in downlink control signaling so
that the PDSCH to RE mapping avoids the legacy control
region and the CRS REs. Thus, the eTM10 mode, when
combined with sub frame level discontinuous transmissions
(DTX), allows UEs to receive DMRS based transmissions
without any CRS in the sub frame, and for CRS transmis-
sions to be turned off when there is no data sent in a sub
frame. This enhanced TM10 mode and sub frame level DTX
combination provides the possibility of fast on/off behavior
of the base station transmissions and can be used to operate
without CRS to achieve the same result as the proposed new
carrier type when all UEs in the cell are capable of using
these enhancements. Furthermore such an enhanced trans-
mission mode can seamlessly accommodate one or more
CRS ports in any sub frame.

Based on some current proposals, the CRS may be
removed on all sub frames except sub frame 0 and 5 in a
radio frame (containing 10 sub frames). The CRS is used in
these sub frames to support time and frequency synchroni-
zation and for RRM measurements. In all other sub frames,
the CRS are not transmitted. This enables downlink discon-
tinuous transmission (DL DTX) in cases where there is no
UE to be scheduled and there are no legacy UFEs active in the
cell (since the legacy UEs require CRS to be present in every
sub frame).

Thus, in the enhanced TM10 proposal (eTM10), the CRS
is absent from sub frames except for sub frames 0 and 5.
This means that the channel analyzer that relies on CRS for
at least Doppler related parameter estimation will have
reduced performance. Also, the fallback transmission
scheme, i.e. scheme 2, currently assumes CRS for demodu-
lation when the sub frame is a non-MBSFN sub frame.

Another problem with TM10 is that it does not provide for
robust transmission, such as transmit diversity and open
loop MIMO using DMRS. For instance, the PDSCH is
transmitted using a single antenna port. Hence, no transmit
diversity is possible. If DL DTX is used on a carrier, then
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robust CRS based TMs like TM2 and TM3 may not be used.
This is particularly a drawback in cases where feedback is
unavailable due to large CSI-RS periodicity (which is likely
to maximize the DTX gain), or when UE speed is high with
respect to the CSI-RS periodicity.

A lack of CRS and/or PDCCH will make the proposed
new type of carrier or transmission mode inaccessible by
legacy release UEs when deployed, i.e., the proposed new
type of carrier and transmission mode are not backward
compatible. The proposed new type of carrier and transmis-
sion mode are referred to as carrier type or transmission
mode type B. Carrier type or transmission mode A (legacy
carrier or transmission mode) and carrier type or transmis-
sion mode B are illustrated in FIG. 4 and FIG. 5, respec-
tively. FIG. 4 shows channels containing CRS 16, PCFICH/
PDCCH/PHICH 18, BCH/PSS/SSS 19, and PDSCH 20
(which includes eDPCCH). FIG. 5 shows that the CRS 16
are restricted to a sub frame 22. A UE that supports carrier
type or transmission mode B also supports carrier type or
transmission mode A and these UEs are referred to as UE B.
Legacy UEs are referred to as type A UEs.

A network typically configures the UE to assist the
reception of various signals and/or channels based on dif-
ferent types of reference signals including, for example,
CRS (represented as antenna ports 0-3), DMRS, i.e. antenna
ports 7-14, CSI-RS, i.e. antenna ports 15-22. Reference
symbols may possibly be exploited for estimation of propa-
gation parameters and preferred transmission properties to
be reported by the UEs to the network, e.g., for link
adaptation and scheduling. In general, the channel from each
antenna port to each UE receive port is substantially unique.
However, some statistical properties and propagation
parameters may be common to different antenna ports,
depending on whether the different antenna ports originate
from the same point or not. Such properties include, for
example, the received power level for each port, the delay
spread, the Doppler spread, the received timing (i.e., the
timing of the first significant channel tap) and the frequency
shift.

Channel estimation algorithms perform a three step opera-
tion. A first step includes the estimation of some of the
statistical properties of the channel such as average delay
spread and Doppler shift. This step can be done several sub
frames before receiving data, and is commonly performed
using a channel analyzer in the UE. The estimation can also
be done based on a first type of reference signal that is
different from a second type of reference signal, for which
the estimate is needed, if the reference signals belonging to
the two types are quasi co-located. This step can also be
done by combining estimates from several sub frames, using
a channel property tracking algorithm. A second step
includes generating a channel estimation filter based on such
estimated properties or parameters. A third step, which is
carried out only when the UE is receiving data or control
data, and needs a channel estimate for coherent demodula-
tion, includes applying the estimation filter to the received
signal in order to obtain the channel estimates. The filter may
be equivalently applied in the time or frequency domain or
both (jointly). Some channel estimator implementations may
not be based on the three steps described above, but still
exploit the same principles. For instance, the three steps may
be carried out on reference signals (RS) within a single sub
frame only.

Accurate estimation of the filter parameters in the first
step leads to improved channel estimation. Even though the
UE may obtain filter parameters from observation of the
channel over a single sub frame and for one RS port,
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6

improved filter parameters may result in improved estima-
tion accuracy by combining measurements associated with
different antenna ports, i.e., different RS transmissions,
sharing similar statistical properties. Furthermore, the chan-
nel estimation accuracy may be improved by combining RSs
associated with multiple physical resource blocks (PRBs).
Note that the network is typically aware of which RS ports
are associated with channels with similar properties, based
on knowledge of how antenna ports are mapped to physical
points.

The UE is also aware a-priori of such information because
of the principle of quasi co-location (QCL) as specified in
Rel.11. A UE may not assume that two antenna ports are
QCL unless specified otherwise. The following antenna
ports can be assumed to be QCL with respect to the listed
properties.

In TM1-TM9 and in case of TM10 with QCL configured

to type A:

CRS, DMRS and CSI-RS are QCL with respect to
Doppler spread, Doppler shift, delay spread and
average delay;

All CRS ports are also mutually QCL with respect to
average gain; and

All CSI-RS ports are also mutually QCL with respect
to average gain;

In TM10 with QCL configured to type B:

DMRS and CSI-RS are QCL with respect to Doppler
spread, Doppler shift, delay spread and average
delay; and

CSI-RS and CRS are QCL with respect to Doppler
spread and Doppler shift.

In the TM10 Type B configuration (which is configured
using RRC signaling), the CRS is QCL with CSI-RS and
DMRS only with respect to Doppler shift and Doppler
spread. The channel analyzer in the UE can thus estimate
these parameters from the CRS and then use the estimated
parameters when determining the channel estimation filter.
However, the delay spread and average delay must be
estimated using the CSI-RS since the CRS is not QCL with
the DMRS for these parameters. For TM1-9, the channel
analyzer can estimate all the parameters from CRS, inter-
polated across multiple sub frames, prior to receiving any
scheduled data.

Each antenna port is represented by a set of RS in the
OFDM time frequency grid, as shown FIG. 3. When the
channel estimator filter has been determined according to
step 1 and step 2 discussed above, the third step of channel
estimation should be performed. The channel estimation is
improved when more resource elements (REs) are taken into
account in the interpolation/extrapolation filtering of the
estimates obtained based on the REs containing the corre-
sponding RS. However, there are some limitations on the
extent to which the filtering in channel estimation step 3 can
be done:

A channel estimator for CRS may use CRS RE from any
downlink sub frame and from any RB in each sub
frame;

A channel estimator for DMRS may use DMRS RE
within one sub frame only and only within a group of
RBs known as the physical resource group (PRG). The
PRG is 1, 2 or 3 RB depending on the system band-
width, transmission mode and whether PMI feedback is
configured; and

A channel estimator for CSI-RS may use CSI-RS RE
within the sub frame only and from any RB in the sub
frame.
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A terminal that does not rely on CRS at all has also been
proposed. However, when the carrier is operated without
CRS, which provides performance gains, most transmission
modes become unavailable (only TM9 or TM10 is possible)
since they rely on CRS for demodulation and channel state
information feedback. This implies that transmit diversity
transmission (TM2) or open loop MIMO (TM3) becomes
unavailable. Transmit diversity and open loop MIMO are
particularly useful in high speed scenarios and in other
scenarios where the closed loop feedback modes have poor
performance as when the periodicity of the CSI-RS is long
to minimize the downlink transmissions and maximize the
DTX lengths. Further, when DTX of downlink sub frames is
applied, CRS is no longer available in every sub frame and
transmission modes that use CRS may not be available.

Therefore, current proposals do not provide for use of
discontinuous transmission modes where CRS are provided
in only some sub frames when a transmission mode is one
of transmit diversity mode and open loop multiple-input-
multiple-output (MIMO) mode.

SUMMARY

Methods and systems for achieving robust transmission
modes on a downlink discontinuous transmission carrier are
presented. According to one aspect, embodiments provide a
method for using common reference signals, CRS, in con-
junction with discontinuous mode transmission from the
base station to a user equipment. The method includes
selecting a transmission mode, the selection being one of a
plurality of transmission modes that include at least one of
a transmit diversity mode and an open loop multiple-input-
multiple-output, MIMO, mode. Data and CRS are transmit-
ted in sub frames of a frame in accordance with the selected
transmission mode. The discontinuous transmission omits
transmission of data and CRS in specified sub frames. At
least one CRS is included in the discontinuous transmission.
The CRS are transmitted in only a pre-determined subset of
the sub frames of the frame and in additional sub frames of
the frame where there is transmission of data using a
selected transmission mode.

According to this aspect, in some embodiments, the
selected transmission mode, TM, is one of TM2 and TM3
defined for long term evolution, LTE. In some embodiments,
the UE is signaled to inform the UE as to which sub frames
contain the CRS. In some embodiments, the UE is signaled
as to which of one of two reference symbol types the UE is
to use for channel state information feedback, the first type
being CRS and the second type being channel state inter-
ference reference symbols, CSI-RS. In some embodiments,
the UE is signaled to configure the UE to receive in a
discontinuous transmission mode. In some embodiments,
the UE is informed whether CRS is to be used for demodu-
lation is present in one of each scheduled physical resource
block, PRB, and a whole system bandwidth of a current sub
frame. In some embodiments, a default channel state infor-
mation reference symbol, CSI-RS, configuration and an
interference measurement resources, IMR, configuration are
transmitted to allow the UE to perform CSI measurement
and allow the UE to provide CSI feedback for transmission
modes that use CRS for demodulation. In some embodi-
ments, the default CSI-RS and IMR configurations are
signaled in a broadcasted control message. In some embodi-
ments, the default CSI-RS and IMR configurations are
transmitted in a physical downlink shared channel, PDSCH.

According to another aspect, embodiments provide a base
station for downlink discontinuous transmission. The base
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station includes a memory, a transmitter and a processor. The
memory is configured to store a common reference symbol,
CRS, and transmission mode configuration information. The
transmitter is configured to transmit data and CRS discon-
tinuously in sub frames in accordance with a selected
transmission mode, the discontinuous transmission omitting
transmission of data and CRS in specified sub frames. The
processor is configured to select a transmission mode from
a plurality of transmission modes that include at least one of
a transmit diversity mode and an open loop multiple-input-
multiple-output, MIMO, mode. The processor is further
configured to include in the discontinuous transmission at
least one CRS, the CRS being transmitted in only a pre-
determined subset of the sub frames and in additional sub
frames where there is transmission of data using a selected
transmission mode.

According to this aspect, in some embodiments, the
selection of the transmission mode, TM, is one of TM2 or
TM3 defined for long term evolution, LTE. In some embodi-
ments, the base station is further configured to signal a user
equipment, UE, to inform the UE as to which sub frames
contain the CRS. In some embodiments, the base station is
further configured to transmit a signal indicating to a user
equipment, UE, which one of CRS and channel state infor-
mation reference symbols, CSI-RS, are to be used for
channel state information feedback. In some embodiments,
the base station is further configured to signal a user equip-
ment, UE, to configure the UE to receive in a discontinuous
transmission mode. In some embodiments, the base station
indicates to a user equipment, UE, whether CRS to be used
for demodulation is present in one of each scheduled physi-
cal resource block, PRB, pair and a whole system bandwidth
of a current sub frame. In some embodiments, the base
station is further configured to transmit a default channel
state information reference symbol, CSI-RS, and an inter-
ference measurement resource, IMR, to allow the user
equipment, UE, to perform CSI measurement and provide
CSI feedback for transmission modes that use CRS for
demodulation.

According to another aspect, embodiments provide a
method at a UE for reception of discontinuous transmission
from a base station. The method includes storing common
reference symbols, CRS, and transmission mode configura-
tion information, where a transmission mode is selected
from a plurality of transmission modes that include at least
one of a transmit diversity mode and an open loop multiple-
input-multiple-output, MIMO, mode. Discontinuous trans-
missions are received that include the stored CRS in a
selected subset of sub frames. Channel estimation is per-
formed based on one of CRS and channel] state information
symbols, CSI-RS.

According to this aspect, in some embodiments, channel
state information estimation is performed based on at least
one of the CRS in the selected subset of sub frames and the
CRS in sub frames where the UE is scheduled to use a CRS
based transmission scheme, and the UE is precluded from
CRS-based CSI estimation in other sub frames. In some
embodiments, channel state information, CSI, feedback is
performed based on CSI-RS and demodulation is performed
using CRS. In some embodiments, the method includes
assuming downlink discontinuous transmissions and pres-
ence of CRS in the selected subset of sub frames. In some
embodiments, the method includes assuming that CRS for
channel estimation functions are only in sub frames where
the UE has been scheduled. In some embodiments, interpo-
lation of acquired channel estimates using CRS between sub
frames is disabled.



US 9,468,037 B2

9

According to another aspect, embodiments provide a UE
for reception of discontinuous transmissions from a base
station. The UE includes a memory, a receiver, and a
processor. The memory is configured to store common
reference symbols, CRS, and transmission mode configura-
tion information. A transmission mode is selected from a
plurality of transmission modes that include at least one of
a transmit diversity mode and an open loop multiple-input-
multiple-output, MIMO, mode. The receiver is configured to
receive discontinuous transmissions, the discontinuous
transmissions including the stored CRS in a selected subset
of sub frames. The processor is configured to perform
channel estimation based on one of CRS and channel state
information reference symbols, CSI-RS.

According to this aspect, in some embodiments, the
processor is further configured to perform channel state
information, CSI, estimation based on at least one of the
CRS in the selected subset of sub frames and the CRS in sub
frames where the UE is scheduled to use a CRS based
transmission scheme. In these embodiments the UE may be
precluded from CRS-based CSI estimation in other sub
frames. In some embodiments, the processor is further
configured to perform channel state information, CSI, feed-
back based on CSI-RS when the receiver is configured to
perform demodulation using CRS. In some embodiments,
the processor is further configured to assume downlink
discontinuous transmissions and presence of CRS in the
selected subset of sub frames. In some embodiments, the UE
is further configured to assume that CRS for channel esti-
mation functions are only in sub frames where the UE has
been scheduled. In some embodiments, interpolation of
acquired channel estimates using CRS between sub frames
is disabled.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a known time-frequency grid showing distribu-
tion of resource elements;

FIG. 2 is a diagram of known frames and sub frames for
organization of data in the time domain;

FIG. 3 is diagram of a known single sub frame including
common reference symbols (signals) for transmission to a
user equipment (UE);

FIG. 4 is a diagram of a known type A channel for
transmission to legacy UEs;

FIG. 5 is a diagram of a known type B channel for
transmission to non-legacy UEs; and

FIG. 6 is a block diagram of a wireless communication
system constructed in accordance with principles of the
present invention;

FIG. 7 is a flowchart of a process for transmission of CRS
or CSI-RS in a discontinuous transmission system according
to principles of the present invention; and

FIG. 8 is a flowchart of a process for reception of a
discontinuous transmission and channel estimation accord-
ing to principles of the present invention.

DETAILED DESCRIPTION

Before describing in detail exemplary embodiments that
are in accordance with the present invention, it is noted that
the embodiments reside primarily in combinations of appa-
ratus components and processing steps related to robust
transmission on a discontinuous transmission carrier in a
wireless communication system. Accordingly, the system
and method components have been represented where
appropriate by conventional symbols in the drawings, show-
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ing only those specific details that are pertinent to under-
standing the embodiments of the present invention so as not
to obscure the disclosure with details that will be readily
apparent to those of ordinary skill in the art having the
benefit of the description herein.

As used herein, relational terms, such as “first” and
“second,” “top” and “bottom,” and the like, may be used
solely to distinguish one entity or element from another
entity or element without necessarily requiring or implying
any physical or logical relationship or order between such
entities or elements.

FIG. 6 shows an exemplary base station 26 and a UE 42
constructed in accordance with principles of the present
invention, for providing discontinuous transmission and
limited CRS in conjunction with transmit diversity and open
loop MIMO, as described below. The base station 26
includes an antenna 28, a memory 30, a processor 32, a
receiver 34 and a transmitter 35. In an alternative embodi-
ment, the receiver 34 and transmitter 35 may be combined
into a single unit, e.g., a transceiver. The memory 30 stores
information to be transmitted in a subset of sub frames to a
UE. The information includes a CRS 36 and transmission
mode configuration information 40. The information may
also include a DMRS 38. The processor 32 is configured to
select a transmission mode from a plurality of transmission
modes that includes one of a transmit diversity mode and an
open loop MIMO mode. The processor 32 is also configured
to include in the discontinuous transmission at least one
CRS in only a pre-determined subset of sub frames and in
additional sub frames where there is transmission of data
using a selected transmission mode. The transmitter 35 is
configured to transmit data and CRS discontinuously in sub
frames according to a selected transmission mode, the
discontinuous transmission omitting transmission of data
and CRS in specified sub frames.

In some embodiments, the transmission mode is TM2 or
TM3, as defined for long term evolution (LTE). The base
station 26 may further be configured to signal the UE as to
which sub frames contain the CRS 36. The base station 26
may further be configured to transmit a signal indicating to
the UE which one of CRS 36 or CSI-RS are to be used for
channel state information feedback. The base station 26 may
further be configured to signal the UE to receive in a
discontinuous mode. The base station 26 may further notify
the UE whether CRS 36 used for demodulation is present in
each physical resource block (PRB) pair or occupies the
whole system bandwidth of a current sub frame. The base
station 26 may further be configured to transmit a default
CRS-RS and IMR to enable the UE to perform CSI mea-
surement and provide CSI feedback for transmission modes
that use CRS 36 for demodulation.

The UE 42 includes antenna 44, a memory 46, a processor
48, a receiver 50 and a transmitter 51. In some embodiments,
the receiver 50 and the transmitter 51 may be combined into
a single transceiver unit. The memory 46 is configured to
store information received from the base station 26. The
information includes a CRS 52 and transmission mode
configuration information 56. The information may also
include a DMRS 54. The transmission mode configuration
information 56 is selected from a plurality of transmission
modes that include at least one of a transmit diversity mode
and an open loop MIMO mode. The receiver 50, is config-
ured to receive discontinuous transmissions including the
stored CRS 52 in a selected subset of sub frames. The
processor 48 is configured to perform channel estimation
based on one of CRS and channel state information refer-
ence symbols, CSI-RS, to perform channel estimation.
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Embodiments allow a CRS based transmission mode to be
used and still support DL DTX in cell. The CRS based
transmission modes particularly contain modes for transmit
diversity and open loop MIMO with up to four layers. These
robust transmission schemes do not exist for UE specific RS
based transmission modes. This has an advantage for sys-
tems where the CSI-RS periodicity is longer (to maximize
the DL DTX benefits) or at high UE speeds leading to higher
UE throughput and ultimately increased cell throughputs.

The processor 48 of the UE 42 may further be configured
to perform channel state information (CSI) estimation based
on at least one of the CRS 52 in the selected subset of sub
frames and the CRS 52 is in sub frames where the UE 42 is
scheduled to use a CRS-based transmission scheme and
where the UE 42 is precluded from CRS-based CSI estima-
tion in other frames. The processor 48 of the UE 42 may
further be configured to perform CSI feedback based on
CSI-RS when the transceiver 50 is configured to perform
demodulation using CRS 52. The processor 48 may further
be configured to assume downlink discontinuous transmis-
sion and the presence of CRS in the selected subset of
frames. The UE 42 may further be configured to assume that
CRS 52 for channel estimation functions are only in sub
frames where the UE 42 has been scheduled. In some
embodiments, interpolation of acquired channel estimates
using CRS between sub frames is disabled.

Thus, embodiments described herein support CRS-based
TMs together with downlink discontinuous transmission
(DL DTX). Since new (non-legacy) UEs 42 can operate in
DTX mode without CRS in sub frames other than sub frames
0 and 5, the network can rapidly switch off all transmissions
in some sub frames, when there are no legacy UEs 42 in a
cell. To support this configuration, a UE 42 enters a DL DTX
operating mode which implies that the UE 42 may only use
CRS 52 in a limited set of sub frames for estimating
parameters in the channel analyzer, or in channel interpola-
tion between sub frames. For example, the channel analyzer
assumes only the CRS 52 in sub frame 0 and 5 is available
for parameter estimation.

With a DL DTX operating mode combined with sub
frames where CRS 52 estimates are valid, a UE 42 is not
limited to the discussed eTM 10, but can be configured in any
transmission mode, including TM2 and TM3. For example,
a UE 42 may be configured in TM3 (or an enhanced TM3),
and use CRS 52 within the scheduled sub frame (for
example, sub frames 0 and 5) for channel estimation and
demodulation. However, unlike prior art configurations, the
UE 42 herein may only utilize CRS 52 in sub frames 0 and
5 for QCL assumptions, parameter estimation for the chan-
nel analyzer and channel interpolation across non-CRS sub
frames. For example, a UE 42 may be configured with TM3
with DL DTX and scheduled in sub frame 1, and then use
channel interpolation across sub frames 0 and 1 to improve
CRS channel estimations. However, CRS 52 in sub frames
where the UE 42 has not been scheduled in the past may not
be used by the UE 42 operating in DL. DTX mode, since the
UE 42 cannot reliably know whether the CRS 52 is present
there or not.

Thus, a UE 42 configured in any transmission mode,
including transmission modes that include transmit diversity
and open loop multiple-input-multiple-output (MIMO)
modes, and operating according to DL DTX, may only use
CRS 52 in sub frames 0 and 5, or additional sub frames
where CRS is guaranteed to be transmitted, plus CRS 52 in
sub frames where the UE 42 has been scheduled when the
UE is performing channel estimation functions such as
parameter estimation for the channel analyzer or channel
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interpolation. Other sub frames for transmitting the CRS 52
can be used, and the UE 42 may be signaled as to which sub
frames contain the CRS 52.

In addition, when performing CSI estimation based on
CRS 52, the UE 42 may only use CRS 52 in a restricted
subset of sub frames when in DL DTX mode, such as sub
frames 0 and 5 or in sub frames where the UE 42 has been
scheduled to use a CRS based transmission scheme. In other
sub frames, the UE 42 may not use the CRS 52 to perform
CSI estimation for CSI feedback.

As an additional enhancement, a UE 42 configured in a
CRS-based transmission mode (where scheme 1 uses CRS
for demodulation, see Table 1), can further be configured to
use CSI-RS for channel state information feedback instead
of CRS 52. Using CSI-RS has the advantage that CSI can be
configured to be measured in sub frames other than 0 and 5,
and this may reflect the interference situation for downlink
shared data channel more accurately, especially if neighbor-
ing cells are also using DL DTX. Thus, in some embodi-
ments, a default CSI-RS can be transmitted with an inter-
ference measurement resource (IMR) to allow the UE 42 to
perform CSI measurement and provide CSI feedback for
transmission modes that use CRS 52 for demodulation. The
CSI-RS and IMR may be signaled to the UE 42 in a
broadcast control message or may be transmitted in a
physical downlink shared channel (PDSCH).

To make the measurements on CSI-RS valid, the UE 42
should assume (and the eNB 26 should ensure) that the
corresponding CSI-RS ports and the corresponding CRS
ports are equivalent. For instance, the UE 42 may assume
that a channel estimated using CSI-RS port 15+x is the same
channel as CRS port x for x=0, 1, 2, 3. If this condition is
satisfied, use of CSI-RS ports for CQI, rank, and PMI reports
in both the aperiodic and periodic feedback modes associ-
ated with the configured CRS-based transmission mode may
be obtained. A minimum requirement is that the CRS in sub
frames 0 and 5 and the scheduled sub frame is QCL with the
CSI-RS. Further the UE 42 may assume a transmission
mode based on CRS demodulation when deriving the CSI
report.

In some embodiments, a UE 42 can be configured in DL
DTX mode by higher layer control signaling from a base
station 26. One possibility is by using radio resource control
(RRC) signaling. Another possibility is signaling in a master
information block (MIB) or a system information block
(SIB) message, which broadcasts to DL DTX supporting
UEs, that this carrier is utilizing DL DTX. Alternatively, the
UE 42 may receive such a message during handover sig-
naling when attached to another cell and when performing
handover to a cell where DL DTX is used.

A default value of not using DL, DTX could be used, so
if the UE 42 didn’t receive such signaling, the UE 42 would
not assume that DL DTX is used. Whenever a UE 42
receives signaling that DL DTX is active on the carrier, the
UE 42 may be configured to assume that CRS is only present
in sub frames 0 and 5 for channel estimation functions and
channel state information feedback functions. In an alterna-
tive embodiment, the UE 42 may also use CRS in sub frames
where the UE 42 has been scheduled for channel estimation
functions such as parameter estimation for the channel
analyzer or channel interpolation. In yet a further embodi-
ment, a UE 42 configured to a CRS-based transmission
mode (TM1-TM6) may additionally utilize CRS in sched-
uled sub frames, while UEs configured in UE-specific RS
(DMRS) based transmission modes may only utilize CRS in
sub frames 0 and 5. In an alternative signaling embodiment,
the DL DTX indication signaling is not explicit, but implicit
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in the configuration of a new transmission mode, such as
eTM3, eTM10 or TM11, where the transmission mode,
eTM3, is similar to the transmission mode, TM3, except for
the suspension of CRS transmissions in sub frames other
than sub frames 0 and 5, and CSI measurement and feedback
mechanisms. Whenever such a new TM is configured, the
UE 42 may assume presence of CRS in sub frames 0 and 5
only (at a minimum). Configuration of the extended or new
TM is thus equivalent to the explicit signaling discussed
above.

In some embodiments, the UE 42 may assume that when
CSI-RS is configured for CSI feedback in a TM that uses
CRS 52 for demodulation (TM1-TM6), but operates in DL
DTX mode, the PDSCH to RE is mapped around CSI-RS
and/or IMR whenever the UE 42 is aware of that CSI-RS
and/or IMR is present in the sub frame. This has the
advantage that CRS-based transmission modes can be used
without large performance loss even though the CSI feed-
back framework is based on CSI-RS and/or interference
measurement resource (IMR). In some embodiments, the
UE 42 may use the CSI-RS and CRS jointly for channel
estimation purposes whenever they coincide in the same sub
frame, to improve the channel estimation performance.

In some embodiments, a UE 42 using a CRS-based
transmission mode and that is in a cell using DL, DTX mode,
disables interpolation of acquired channel estimates using
CRS 52, between sub frames. Hence, this is different from
known current operation where interpolation is allowed.
This has the advantage that CRS can be switched off,
dynamically, from sub frame to sub frame, thereby achiev-
ing sub frame based DTX. This behavior is then applicable
to all the different CRS-based transmission modes that are
defined, i.e., TM1-6. Further, the UE 42 may also utilize the
same behavior for transmission schemes based on CRS that
are available in TM1-10, for instance the fallback scheme 2
in TM9 and TM10.

In some embodiments, a UE 42 using an enhanced
CRS-based transmission mode may disable interpolation of
acquired channel estimates using CRS in sub frames other
than sub frames 0 and 5. This allows the cell to suspend
transmission of CRS in these other sub frames and go into
a DL DTX mode at any time without additional signaling.

A UE specific signaling may indicate whether the UE 42
is to use CRS or CSI-RS for channel state information
feedback. The signaling can use RRC. For aperiodic CSI
triggering, the signaling can for example also be determined
by a trigger in the DCI message. This trigger can for
example correspond to a certain bit combination in the DCI
message used to trigger the aperiodic CSI report. For peri-
odic CSI reporting, the UE 42 may be configured with two
different CSI reports, where one report is based on the
assumption that CRS is always present and a second report
assumes CRS can be turned on/off dynamically. For the
latter report, only CRS in sub frames 0 and 5 may be used.
For both CSI reports, CSI may be derived based on the
CSI-RS.

A UE specific signaling may indicate whether the CRS the
UE 42 uses for demodulation of the PDSCH is present only
in the scheduled PRB pairs or if the UE 42 can assume they
are present in the whole system bandwidth of the current sub
frame. This signaling may be part of RRC configuration or
it may also be signaled dynamically (per sub frame) in a
PDCCH or EPDCCH downlink control indication message.
Benefits of this signaling include that the CRS is only
transmitted in those PRB pairs where it is needed. Further
enhancement of the performance may be achieved by allow-
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ing CRS to be present in a few neighboring PRBs to the
allocated PDSCH transmissions, but not the whole system
bandwidth.

As a further embodiment, a UE 42 may assume that the
CRS is present in all resource block groups (RBGs) for
which the UE 42 is scheduled at least one RB. If there are
no UEs relying on CRS for any function in a sub frame, it
may be sufficient if the CRS is present in the scheduled PRB
pairs only. Otherwise, the CRS may be present in the whole
system bandwidth. In this latter case, the UE 42 can also take
advantage of this by interpolating the channel estimates
using CRS outside the PRB pairs where it has been sched-
uled to receive PDSCH.

In a cell operating in DL DTX mode, a default CSI-RS
and IMR configuration may be provided for UEs 42 to
perform CSI measurement and feedback for TMs that use
CRS for demodulation as defined in the above embodiments.
With this default configuration set, there is no need to
transmit the configuration to every UE 42 that may use these
TMs. In one option of this embodiment, the default CSI-RS
and IMR configuration can be broadcast as part of the
system information of the cell.

In another option, the default CSI-RS and IMR configu-
ration can be transmitted in PDSCH, which is scheduled by
a PDCCH/EPDCCH associated with a specific radio net-
work temporary identification (RNTI). For instance, the
PDCCH/EPDCCH can be associated with (have its CRC
scrambled with) an ETMCSI-RNTI (enhanced transmission
mode CSI-RNTI), which is monitored by all UEs that may
use these enhanced CSI measurement and feedback for the
CRS-based TMs.

In a third option, the default CSI-RS and IMR configu-
ration may be defined as part of an enhanced CRS based
transmission mode, e.g., eTM3, as described above. FIG. 7
is a flowchart of a process performed by the base station 26
for transmission of CRS or CSI-RS in a discontinuous
transmission. A transmission mode is selected by a base
station 26 from a set of transmission modes 40 that include
a transmit diversity mode, such as TM2, and an open loop
MIMO mode, such as TM3 (step S100). In the selected
transmission mode, data and CRS are transmitted discon-
tinuously in sub frames of a frame in accordance with the
selected transmission mode, the discontinuous transmission
omitting transmission of data and CRS in specified sub
frames (step S102). Thus, the discontinuous transmission
may include at least one CRS transmitted in only a pre-
determined subset of the sub frames of the frame and in
additional sub frames of the frame where there is transmis-
sion of data using a selected transmission mode. Optionally,
a UE 42 may be signaled by the base station 26 as to which
of the CRS and CSI-RS is to be used by the UE 42 for
channel information feedback (step S104). Optionally, the
UE 42 is signaled by the base station 26 to configure the UE
42 to receive in a discontinuous transmission mode (step
S106). Optionally, a default CSI-RS and IMR is sent by the
base station 26 to the UE 42 to enable the UE to perform CSI
measurements and feedback for transmission modes that use
CRS for demodulation (step S108).

FIG. 8 is a flowchart of a process performed by the UE 42
for reception of a discontinuous transmission and channel
estimation according to principles of the present invention.
The UE is configured to store CRS and transmission mode
configuration information. The UE 42 is also configured to
receive discontinuous transmissions in a transmission mode
selected from transmission modes 40 that include transmit
diversity, such as used in TM2, and open loop MIMO, such
as used in TM3 (step S110). The UE 42 performs channel
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estimation based on CRS received in a subset of sub frames
by the UE 42 (step S112). Optionally, the UE 42 may be
configured to operate in a discontinuous transmission mode
by default (step S114). Optionally, the UE 42 may be
configured to assume that CRS are only in sub frames where
the UE 42 has been scheduled for channel estimation (step
S116).

Thus, embodiments allow a CRS based transmission
mode to be used and still support DL DTX in cell. The CRS
based transmission modes particularly contain modes for
transmit diversity and open loop MIMO with up to four
layers. These robust transmission schemes do not exist for
UE specific RS based transmission modes.

The present invention can be realized in hardware, or a
combination of hardware and software. Any kind of com-
puting system, or other apparatus adapted for carrying out
the methods described herein, is suited to perform the
functions described herein. A typical combination of hard-
ware and software could be a specialized computer system,
e.g., a node, having one or more processing elements and a
computer program stored on a storage medium that, when
loaded and executed, controls the computer system such that
it carries out the methods described herein. The present
invention can also be embedded in a computer program
product, which comprises all the features enabling the
implementation of the methods described herein, and which,
when loaded in a computing system is able to carry out these
methods. Storage medium refers to any volatile or non-
volatile storage device.

Computer program or application in the present context
means any expression, in any language, code or notation, of
a set of instructions intended to cause a system having an
information processing capability to perform a particular
function either directly or after either or both of the follow-
ing a) conversion to another language, code or notation; b)
reproduction in a different material form.

In addition, unless mention was made above to the
contrary, it should be noted that all of the accompanying
drawings are not to scale. It will be appreciated by persons
skilled in the art that the present invention is not limited to
what has been particularly shown and described herein
above. A variety of modifications and variations are possible
in light of the above teachings without departing from the
scope of the claims.

What is claimed is:
1. A method in a base station for using common reference
symbols, CRS, in conjunction with discontinuous transmis-
sion from the base station to a user equipment, UE, the
method comprising:
selecting a transmission mode, the selection being one of
a plurality of transmission modes that include at least
one of a transmit diversity mode and an open loop
multiple-input-multiple-output, MIMO, mode;

transmitting data and CRS discontinuously in sub frames
of a frame in accordance with the selected transmission
mode, the discontinuous transmission omitting trans-
mission of data and CRS in specified sub frames;

including in the discontinuous transmission at least one
CRS, the CRS being transmitted in only a pre-deter-
mined subset of the sub frames of the frame and in
additional sub frames of the frame where there is
transmission of data using a selected transmission
mode; and

signaling the UE as to which of one of two reference
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mation feedback, the first type being CRS and the
second type being channel state interference reference
symbols, CSI-RS.
2. The method of claim 1, wherein the selected transmis-
sion mode, TM, is one of TM2 and TM3 defined for long
term evolution, LTE.
3. The method of claim 1, further comprising signaling the
UE, to inform the UE as to which sub-frames contain the
CRS.
4. The method of claim 1, further comprising signaling the
UE to configure the UE to receive in a discontinuous
transmission mode.
5. The method of claim 1, further indicating to a UE
whether CRS to be used for demodulation is present in one
of each scheduled physical resource block, PRB, and a
whole system bandwidth of a current sub frame.
6. The method of claim 1, further comprising transmitting
a default channel state information reference symbol, CSI-
RS, configuration and an interference measurement
resource, IMR, configuration to allow the UE to perform
CSI measurement and allow the UE to provide CSI feedback
for transmission modes that use CRS for demodulation.
7. The method of claim 6, wherein the default CSI-RS and
IMR configurations are signaled in a broadcasted control
message.
8. The method of claim 6, wherein the default CSI-RS and
IMR configurations are transmitted in a physical downlink
shared channel, PDSCH.
9. A base station for downlink discontinuous transmis-
sion, the base station comprising:
a memory configured to store a common reference sym-
bol, CRS and transmission mode configuration infor-
mation;
a transmitter configured to transmit data and CRS discon-
tinuously in sub frames in accordance with a selected
transmission mode, the discontinuous transmission
omitting transmission of data and CRS in specified sub
frames; and
a processor configured to;
select a transmission mode from a plurality of trans-
mission modes that include at least one of a transmit
diversity mode and an open loop multiple-input-
multiple-output, MIMO, mode;

include in the discontinuous transmission at least one
CRS, the CRS being transmitted in only a pre-
determined subset of the sub frames and in additional
sub frames where there is transmission of data using
a selected transmission mode; and

the transmitter being further configured to transmit a
signal indicating to a user equipment, UE, which one of
CRS and channel state information reference symbols,
CSI-RS, are to be used for channel state information
feedback.

10. The base station of claim 9, wherein the selection of
the transmission mode, TM, is one of TM2 and TM3 defined
for long term evolution, LTE.

11. The base station of claim 9, wherein the base station
is further configured to signal a user equipment, UE, to
inform the UE as to which sub frames contain the CRS.

12. The base station of claim 9, wherein the base station
is further configured to signal a user equipment, UE, to
configure the UE to receive in a discontinuous transmission
mode.

13. The base station of claim 9, wherein the base station
indicates to a user equipment, UE, whether CRS to be used
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for demodulation is present in one of each scheduled physi-
cal resource block, PRB, pair and a whole system bandwidth
of a current sub frame.
14. The base station of claim 9, wherein the base station
is further configured to transmit a default channel state
information reference symbol, CSI-RS, and an interference
measurement resource, IMR, to allow the user equipment,
UE, to perform CSI measurement and provide CSI feedback
for transmission modes that use CRS for demodulation.
15. A method at a user equipment, UE, for reception of
discontinuous transmission from a base station, the method
comprising:
storing common reference symbols, CRS, and transmis-
sion mode configuration information, a transmission
mode being selected from a plurality of transmission
modes that include at least one of a transmit diversity
mode and an open loop multiple-input-multiple-output,
MIMO, mode;

receiving discontinuous transmissions that include the
stored CRS in a selected subset of sub frames;

performing channel estimation based on one of CRS and
channel state information symbols, CSI-RS;

performing channel state information, CSI, feedback
based on CSI-RS; and

performing demodulation using CRS.

16. The method of claim 15, further comprising:

performing channel state information, CSI, estimation

based on at least one of the CRS in the selected subset
of sub frames and the CRS in sub frames where the UE
is scheduled to use a CRS based transmission scheme;
and

precluding the UE from CRS-based CSI estimation in

other sub frames.

17. The method of claim 15, further comprising assuming
downlink discontinuous transmissions and presence of CRS
in the selected subset of sub frames.

18. The method of claim 15, further comprising assuming
that CRS for channel estimation functions are only in sub
frames where the UE has been scheduled.
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19. The method of claim 15, wherein interpolation of
acquired channel estimates using CRS between sub frames
is disabled.

20. A user equipment, UE, for reception of discontinuous

5 transmissions from a base station, the UE comprising:

a memory configured to store common reference symbols,
CRS, and transmission mode configuration informa-
tion, a transmission mode being selected from a plu-
rality of transmission modes that include at least one of

10 a transmit diversity mode and an open loop multiple-
input-multiple-output, MIMO, mode;

a receiver configured to receive discontinuous transmis-
sions, the discontinuous transmissions including the
stored CRS in a selected subset of sub frames;

15 a processor configured to perform channel estimation
based on one of CRS and channel state information
reference symbols, CSI-RS, and

the processor being further configured to perform channel
state information, CSI, feedback based on CSI-RS

20 when the receiver is configured to perform demodula-
tion using CRS.

21. The UE of claim 20, wherein the processor is further
configured to perform channel state information, CSI, esti-
mation based on at least one of the CRS in the selected

55 subset of sub frames and the CRS in sub frames where the

UE is scheduled to use a CRS based transmission scheme,
and wherein the UE is precluded from CRS-based CSI
estimation in other sub frames.

22. The UE of claim 20, wherein the processor is further

3o configured to assume downlink discontinuous transmissions

and presence of CRS in the selected subset of sub frames.

23. The UE of claim 20, wherein the UE is further
configured to assume that CRS for channel estimation
functions are only in sub frames where the UE has been

35 scheduled.

24. The UE of claim 20, wherein interpolation of acquired
channel estimates using CRS between sub frames is dis-
abled.



